Congenital abnormalities are important causes of morbidity and mortality in children and significantly add to the burdens on healthcare in developing countries. Unfortunately, there remains a paucity of information on congenital birth defects in most developing countries. This is a 4-year prospective study that assessed the patterns and predictors of congenital anomalies among newborns at the Enugu State University Teaching Hospital, Nigeria. In total, 5830 deliveries were recorded, of which 38 had congenital anomalies, giving an incidence rate of 6.5/1000 live births. Fifty-two newborns were enrolled as nested controls. Factors significantly associated with congenital anomalies were low birth weight (p ¼ 0.009), low socio-economic class (p ¼ 0.011), lower maternal educational attainment (p ¼ 0.009), parity of 5 (p ¼ 0.002), febrile illness (p ¼ 0.001) and the use of local concoction in index pregnancy (p ¼ 0.009). More than half of the anomalies reported involved the musculoskeletal system. Occurrence of congenital anomalies may be prevented by curtailing risk factors identified in this study.
According to a 5-year mortality report released by the World Health Organization in 2005, >300 000 newborns die within the first month of life because of complications associated with congenital malformations [1] . A 23-year retrospective study done in south-south Nigeria estimated the prevalence of congenital anomalies in newborns to be 0.35% [2] . Although the exact cause of congenital malformations is usually unknown in about 50% of cases [3] , it is however widely believed that most birth defects can be prevented by simple measures such as vaccination, folic acid supplementation, infection prevention and avoidance of certain indulgences like smoking, alcohol and use of certain drugs during pre-pregnancy and gestational periods [1] .
In 2010, the World Health Organization in collaboration with other international organizations through the resolution on birth defects of the Sixtythird World Health Assembly recommended the promotion of primary prevention and improvement of the health of children with congenital anomalies. To achieve this, they proposed developing expertise on preventive strategies, developing and strengthening registration and surveillance systems and strengthening research and studies on aetiologies and diagnosis of congenital anomalies [1] . Despite these recommendations, there is a paucity of information on congenital birth defect in Nigeria and perhaps most developing countries because of little or no surveillance activities in this area.
This 4-year passive surveillance study examined the pattern of congenital anomalies seen among newborns delivered in the Enugu State University Teaching Hospital (ESUTH). Secondarily, it also sought to explore maternal socio-demographic factors associated with the development of these anomalies in newborns. It is believed that the findings of this study will contribute to the body of knowledge on this subject and further strengthen practices that encourage prevention of birth defects and its associated medico-social consequences in children.
M E T H O D O L O G Y

Study area and site
This was a prospective study carried out between the labour ward and the neonatal intensive care unit (NICU) of ESUTH, Parklane. The site is located within Enugu, the capital city of Enugu State, southeast Nigeria. ESUTH is a tertiary health institution that offers specialized medical services and serves as a referral centre to Private, General, Mission Hospitals and other delivery homes within Enugu and neighbouring States. The NICU offers 24-h services to newly delivered babies for observation and sick babies born within and outside the hospital. It is located in close proximity to the labour ward, which has an average of 144 deliveries per month. The special neonatal unit is manned by consultant neonatologists and resident doctors who are specialists in Paediatrics with further sub-specialist training in neonatology.
Newborn participation and enrolment
The study was carried out over a period of 4-year (January 2013-January 2017). Newborn babies of consenting mothers delivered in ESUTH that had congenital anomalies were consecutively enrolled and followed up with daily reviews till discharge or death. For every newborn with congenital anomalies enrolled, at least one newborn delivered around the same time matched as close as possible for anthropometric parameters was also enrolled. All anomalies encountered in enrolled newborns after delivery were documented. Other information collected included gestational age at delivery, anthropometric measurements as well as important obstetrics history. Some of these included maternal socio-demographic parameters, febrile illness during pregnancy, use of unprescribed medications and/or local concoction and pre-pregnant use of folic acid.
The diagnosis of congenital malformations was based on clinical examination and laboratory and radiological investigations where appropriate. For the sake of this study, these diagnoses were made by a neonatologist who was not involved in this study. A second neonatologist was also brought in to confirm or refute the diagnosis in all cases.
Data entry and analysis
The above measures were documented at presentation in the relevant sections of the questionnaire and subsequently transferred into a Microsoft Excel Sheet. Distribution of the measures of outcome and predictor variables was analysed and recorded in percentages. Enrolees with significant missing information were excluded from the data analysis. The chi-square was used to assess variables significantly associated with congenital malformations in newborn. Data were analysed using IBMV R SPSS version 18.0 (SPSS Inc, Chicago, IL). Statistical significance was set at p < 0.05.
Ethical consideration
Ethical clearance was obtained from the ESUTH Ethics Committee. Before recruitment of each subject, informed consent was obtained from every mother-newborn pair. Participation in the study was entirely voluntary, and no financial inducement whatsoever was involved. Participants were informed that voluntary withdrawal at any stage of interaction was guaranteed for them without any adverse effect to the mother or their baby. All information was handled with strict confidentiality.
R E S U L T
Characteristics of study respondents
The surveillance for congenital abnormalities in newborn delivered at the ESUTH was carried out during a 4-year period. During this period, 5830 babies were delivered in the labour ward of the ESUTH giving an average of 122 births per month. Thirty-eight (0.7%) of these babies were born with one or more congenital anomalies giving an in-hospital incidence of rate of 6.5 per 1000 live births. Table 1 shows a summary of the characteristics of mothers and newborns enrolled for this study. In all, 90 newborns were enrolled with a male-female ratio of 1:4. Thirty-eight (48%) were born with one or more congenital malformation, while the remaining 52 (58%) had none. In total, 77% of the enrolled newborns were term deliveries and the remaining 23% were preterm (i.e. deliveries before 37 completed weeks of gestation). In total, 71% were born with a birth weight of 2.5 kg, while the rest were <2.5 kg at birth. In total, 11 of the 90 enrolled newborns died before discharge from the hospital and all were babies with congenital malformation. Majority (85%) of the mothers surveyed were <35 years old and 93% had parity of 4 at conception for the index baby. About two-thirds (63%) of the 90 respondents had postsecondary school education with the other 32 and 5% completing secondary and primary education, respectively. Table 1 shows a cross-tabulation of maternal and newborn parameters considered in this study. Of parameters analysed only birth weight, socioeconomic class, maternal educational attainment, parity, febrile illness with or without rash and use of local concoction in index pregnancy were significantly associated with congenital malformations in newborns. In total, 68% of newborns with birth weight <2.5 kg compared with 35% of newborns with birth weight 2.5 kg had congenital malformation (p ¼ 0.009). Mothers in the low socio-economic class had 60% of the babies with congenital malformation compared with 39 and 20% for mother in the middle and high socio-economic class (p ¼ 0.011). Similarly, it was noted that only 29% of mothers with post-secondary school education had a congenitally malformed baby compared with those with lower educational attainment (54% secondary education vs. 100% primary education or less; p ¼ 0.009). Additionally, 37% of mothers with 4 children at the time of conception compared with 100% of mothers with 5 children at conception had congenitally malformed babies (p ¼ 0.002). Furthermore, it was seen that 57% of mothers that had febrile illnesses and 68% that used local concoction during the index pregnancy compared with 21% without febrile illness and 35% of mother that did not use local concoction had babies with congenital anomalies (p ¼ 0.001 and p ¼ 0.009, respectively). Finally, mothers 35 years had more babies with congenital malformation (54%) than mothers that were 34 years (39%). This however did not attain statistical significance (p ¼ 0.304). More babies with congenital anomalies (87%) than those without such anomalies (33%) had perinatal asphyxia (p ¼ 0.001), and significantly, more babies with congenital anomalies died while in the NICU compared with babies without congenital anomalies (p ¼ 0.000). 
Predictors of congenital malformation in newborns
(continued)
Systems and organs involved in congenital malformations encountered in newborns Table 2 shows congenital malformation encountered in surveyed newborns occurred in isolation, in association or as known syndromes. A total of 133 clinically or radiological diagnosed anomalies were documented in the 38 newborns with congenital malformations. Seventeen (45%) of these newborns had anomalies that occurred in syndromic patterns, while the other 21 (55%) newborns had anomalies that occurred in isolations and/or associations that affected one or more systems. The syndromes encountered include Down syndrome, 8 (47%); Turner syndrome, 2 (12%); and congenital heart defects, 3 (17%). Others were Edward syndrome, 1 (6%); Potter's syndrome, 1 (6%); osteogenesis imperfect, 1 (6%); and Smith-Lemli-Opitz, 1 (6%). The musculoskeletal system was the most affected with slightly >50% of deformities associated with this system. Twenty-two (16.5%) of abnormalities involved the digestive system, while the central nervous system (10.5%), the urogenital (8.0%) and integumentary system (8.3%) were approximately equally affected. Surprisingly, the cardiovascular system was the least involved system (6.7%) but was present in close to half of the newborns (45.5%) with congenital abnormalities that died after birth.
D I S C U S S I O N
The overall incidence rate of congenital malformations in this study was 6.5 per 1000 live births.
Though the incidence of congenital malformation in Nigeria has not been properly documented because of a lack of proper record-keeping [4] , studies in this regard have revealed a wide variation in rates ranging between 2.2 per 1000 live births and 15.8 per 1000 live births in different zones of the country [5] [6] [7] [8] . It is pertinent to note that these figures may be grossly underestimated because low autopsy rates and hospital-based data are limitations that influence accurate assessment of the magnitude of the problem in Nigeria [8] .
The high rate of 15.8 per 100 live births was obtained from a study done in Lagos, south-west of Nigeria, and has been attributed to the multiethnic and industrial nature of Lagos suggesting genetic and environmental risk factors for the increased rate in the area [8] . In contrast to this, Rivers State, southsouth Nigeria, an area also plagued by environmental pollution, recorded a low rate of 2.2 per 1000 births. There is need for more research into the association between congenital anomalies and environmental pollution in our environment in view of other risk factors such as smoking, alcohol, lack of adequate vaccination and folic acid supplementation, etc.
This study demonstrated a strong association between increased parity and congenital malformations similar to findings in other studies [6, [8] [9] [10] . This is in contrast to a study that demonstrated more congenital malformations in primiparous mothers [11] . The difference may be explained by the fact that the effect of parity varies between different malformations [12] . For instance, the risk for polydactyly and syndactyly is higher than at low parity, whilst the opposite is true for conditions like hypospadias and omphalocele [12] . Mothers >35 years had more babies with congenital malformations than those <35 years.
Although this was not statistically significant, it still reflects the well-known effect of advancing age on the incidence of congenital abnormalities [13] . For this reason, females who are >35 years of age need to be examined more carefully, as the risk of giving birth to a foetus with congenital malformations is greater [14] . It still remains unknown why advanced maternal age is an independent risk factor for foetal death. However, it has been suggested that the increasing age of mothers is associated with an increase in chromosomal meiotic errors [14] . Musculoskeletal abnormalities were observed to occur more frequently than other abnormalities in this study. This is in keeping with the findings of Christianson et al [15] . who noted higher musculoskeletal abnormalities than neural tube defect among black population. However, it is contrast to the findings of other local studies, which reported more digestive and central nervous system abnormalities [4, [6] [7] [8] . This difference may be because of the fact that musculoskeletal abnormalities may be perceived as being less severe with an increased likelihood of obtaining medical care, while paucity of diagnostic facilities and cost of surgical care may discourage presentation of the more severe digestive and central nervous system abnormalities.
Although the cost of care for congenital abnormalities is expensive and unaffordable in developing countries like Nigeria, most birth defects can be prevented by simple measures such as vaccination, folic acid supplementation, infection prevention and avoidance of certain indulgences like smoking, alcohol and use of certain drugs during pre-pregnancy and gestational periods [1] . Effective implementation of these strategies may reduce mortality from congenital malformations, which are a significant cause of perinatal mortality.
C O N C L U S I O N
This study reported a 6.5 per 1000 live birth incidence of congenital anomalies. The musculoskeletal system was most commonly affected. In decreasing order, the other systems involved were the digestive (16.5%), the central nervous (10.5%), the urogenital (8.0%), the integumentary (8.3%) and the cardiovascular (6.7%) systems. Among the significant associations identified with congenital malformations were birth weight, maternal socio-economic class, maternal educational attainment, parity, febrile illness and the use of local concoction in an index pregnancy. It was also found that babies with congenital anomalies have a higher tendency to either die in hospital or develop perinatal asphyxia compared with those without such anomalies.
L I M I T A T I O N S
This study was conducted in resource-limited settings; hence, carrying out chromosomal studies to confirm diagnosis was not feasible. Also, some of the information provided by the respondents may have been affected by recall or intentional lie bias, especially for mothers whose babies had congenital anomalies and may not be psychologically disposed to grant interviews.
F U N D I N G
This work was completely sponsored by equal financial contributions from all authors.
